Introduction. Thermal infrared spectroscopy of planetary surfaces can determine the composition of minerals in rocks, soils, and ices [1]. Spectra obtained of the Martian surface from the Thermal Emission Spectrometer (TES) on Mars Global Surveyor have been interpreted to represent dominantly pyroxene and feldspar minerals [1,2], although specific mineral compositions and relative abundance vary regionally [3]. Part of this variation may relate to effects of shockproduced changes of a mineral's structure during impact events. The disordering effects of high shock pressures on pyroxenes [4,5] and feldspars [6] cause degradation in thermal infrared spectral features that complicate interpretations of spectra. Previous thermal infrared spectral studies of experimentally and naturally shocked materials concentrated on transmission and absorption spectra. Reflectance and emission spectroscopy of shocked materials is preferable to other techniques because of its current use as a remote sensing tool. Further, reflectance and emittance spectra depend on both the absorption coefficient and refractive index, whereas transmission/absorption spectra depend only on the absorption coefficient [7]. This causes some spectral features apparent in reflectance and emittance spectra to be absent in transmittance/absorbance spectra. Methods. We acquired samples of orthopyroxenite (bronzite, En 85 ) and anorthosite (bytownite, An 79 ) from the Stillwater Complex (MT, USA) as representative samples of pyroxene and feldspar. The samples were nearly monomineralic with grain sizes of 2-5 mm. The shock recovery experiments were performed at the Johnson Space Center using a powder propellant gun equipped with either a 20 or 25 mm caliber barrel. Table 1 lists the peak pressures for specific experiments employing both sample types. For each experiment both millimeter-to centimeter-sized chips and finergrained particles were recovered. Large chips were separated and washed to remove residual fine particles. The remaining particulates were ground to a powder with relatively constant grain size. Emission spectra of the chips, powders, and packed powders were acquired at Arizona State University with a Nicolet Nexus 670 spectrometer that provided 4 cm -1 resolution from 6-50 µm.
Results. The shocked anorthosite samples show several spectral features that change with increasing shock pressure. Absorptions at 1115 cm -1 (8.97 µm) and 538 cm -1 (18.59 µm) decrease in band strength (Figure 1) , whereas a broad band near 450-460 cm -1 (~22 µm) first develops at about 25 GPa and then deepens at higher pressures. The Christiansen feature at ~1250 cm -1 (8.00 µm) appears to shift to longer wavelengths with increasing pressure, whereas the position of the prominent 950 cm -1 (10.53 µm) band shifts slightly to shorter wavelengths at higher pressures.
Conversely, very little change in spectral features is observed for the orthopyroxenite samples even to pressures >60 GPa (Figure 2) . Minor absorptions at 976 cm -1 (10.25 µm) and 567 cm -1 (17.63 µm) degrade with increasing shock pressure. The stronger bands are more resilient to high shock pressures, consistent with results obtained from early transmission measurements of shocked pyroxenes [7] [8] [9] .
Results for the anorthosite powders (not shown here) exhibit some of the same features as the chips, e.g., packed powders show the bands at 1115 cm -1 and 450-460 cm -1 . However, the powders also include a transparency peak due to their fine grain size [7] that occurs between 450 and 825 cm -1 . This results in additional bands that decrease in strength with increasing pressure at 540 cm -1 in the packed powders and at 825 cm -1 in both the powders and packed powders. In the anorthosite samples the transparency peak itself fades in strength at the higher pressures. A transparency peak is also observed in the orthopyroxenite samples between 780 and 840 cm -1 , but no changes are observed in the powders that cannot be explained as variations in grain size among samples. Conclusions. Detailed understanding of the spectral effects of shock will greatly improve interpretation of martian (and terrestrial) surface materials as well as of shocked minerals in SNC meteorites [e.g., 9]. The deconvolution of thermal infrared spectra such as that provided by TES (as well as future imaging systems such as THEMIS on the 2001 Mars Odyssey orbiter and mini-TES on the Mars Exploration Rovers) should include shocked sample spectra such as that described here. This will provide additional end-members to determine more precisely surface mineralogy. Identification of highly-shocked materials on Mars will assist deciphering the geologic history of heavily cratered terrains and may reveal prospective sites of impact-related hydrothermal alteration relevant to the search for biotic environments [10] . 0, 25.2, 30.5, 35.0, 40.0, 43.9, 59.9, 62.5 Anorthosite 17.0, 21.0, 21.5, 22.6, 25.5, 27.0, 27.6, 29.3, 37.5, 38.2, 49.2, 56 .3 1195.pdf
